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Abstract 
 
The paper presents the influence of the type of furnace charging melting, refining and modification silumins 226 and 231 on the porosity 
and microstructure of castings. It was shown that in order to reduce or eliminate the porosity of the castings is necessary to the refining 
ECOSAL-AL113 of liquid silumin both in the melting furnace, and in the ladle and an additional nitrogen, in the heat furnace modified 
and refining with nitrogen. To control the effects of refining and modifying the TDA method was used. It was found that based on crystal-
lization curve can be qualitatively assess the gas porosity of the castings. In order to control and quality control silumins author developed 
a computer program using the method of TDA, which sets out: Rm, A5, HB and casting porosity P and the concentration of hydrogen in 
them. The program also informs the technological procedures to be performed for liquid silumin improper preparation. 
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1.  Introduction 
 
In pressure foundry engineering the greatest attention is paid 
to design of machines, mechanisation, automation and robotics 
of the process. Quality of pressure castings, specific porosity, 
microstructructure  and  related  usable properties are  definitely 
less important. This issue has already been introduced generally 
in papers [1, 2, 3]. It seems purposeful to merge these two prob-
lems, as there are no perfect devices for pressure casting without 
providing high quality of castings and vice versa. 
The objective of the paper was the analysis of influence of 
melting furnace charge materials and treatment of molten metal 
in the melting furnace, the pouring ladle and the heat furnace on 
porosity, microstructure and mechanical properties of pressure 
castings. The paper also presents a proprietary computer pro-
gram  developed  by  the  Department  of  Materials  Engineering 
and Production Systems of the Technical University of Łódź, 
used for assessment of quality of molten silumin and pressure 
castings made of it. 
 
 
2.  Research methodology 
 
The research was carried out on silumins 226 and 231, typi-
cal for casting. Average chemical composition of silumins 226 
and 231 is presented in Table 1. 
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Table 1. 
Average chemical composition of the analysed silumins 
Type 
Chemical composition, % 
Si  Mn  Mg  Cu  Fe  Ni  Pb  Sn  Zn 
226  9,66  0,22  0,22  2,47  0,72  0,07  0,0042  0,0025  0,016 
231  11,53  0,19  0,21  1,36  0,71  0,07  0,0040  0,0023  0,015 
 
Tests of porosity P, gas value LG and hydrogen concentra-
tion (H2, ppm) were carried out. Test samples and castings were 
analysed with regard to the microstructure of castings and their 
mechanical properties: Rm, Rp0,2, A5 and HB. Quality control of 
molten silumins was carried out using the TDA method at the 
measurement station illustrated in Figure 1. 
 
 
Fig. 1. Scheme of the silumins TDA control station 
 
 
In the tests the sampler ATD10m PŁ was used, illustrated in 
Figure 2. The scheme of the molten silumins quality control and 
management TDA system is illustrated in Figure 3. 
The proprietary computer program for silumins quality con-
trol and management was developed on the basis of statistical 
dependences between characteristic values of TDA curves and 
porosity, hydrogen concentration Rm, Rp0,2, A5 and HB of pres-
sure castings. 
 
Fig. 2. Sectional view of the ATD10m PŁ sampler 
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Fig. 3. Scheme of quality control of molten silumins 
 
 
3.  Research results 
 
A representative section of a porosity test sample, cast from 
the analysed silumins, melted in whole from pig sows from the 
melting furnace is presented in Figure 4. It can be noticed that 
porosity  is  scattered  within  the whole volume  of  the  sample.  
In  the  central  area  are  found  deep  pores.  Gas  value  LG  
= 0,97￷0,96, porosity P = 3,45%, and hydrogen concentration 
H2 = 1,07 ppm.    
A representative example of TDA curves of the analysed silu-
mins cast after melting in the melting furnace is presented in 
Figure  5.  Individual  thermal  effects  on  the  derivative  curve 
indicate crystallisation: 
 
  AB   - of the primary phase α(Al), 
  BDEFJ   - of the triple eutectic mixture α+β+AlFeSi, 
  JKH   - of the triple eutectic mixture α+β+Al2Cu. 
 
Point A indicates maximum thermal effect of crystallisation 
of the α(Al) phase dendrites, point E – maximum thermal effect 
of crystallisation of the eutectic mixture α+β+AlFeSi whereas 
point  K  –  maximum  thermal  effect  of  crystallisation  of  the 
eutectic  mixture  α+β+Al2Cu.  Crystallisation  curve  is  not 
smooth, it has little humps (peaks). It is the evidence of silumin 
gasification and emission of hydrogen during crystallisation of 
the eutectic mixture α+β+AlFeSi. As a result, porosity of the 
casting occurs. 
 
 
Fig. 4. Representative porosity of a cast sample from the melt-
ing furnace, charge to which in whole was consisted of pig sows 
of silumin 226 and 231 
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[Czas – Time] 
 
 
[Punkty charakterystyczne – Specific points] 
 
Fig. 5. Representative TDA curves of silumins 226 and 231 cast from the melting furnace; charge – 100% of pig sows 
 
An example of porosity of a sample cast from 226 silumin 
from the melting furnace, charged with 100% of scrap, is pre-
sented in Figure 6. The sample is characterised by high porosity 
P = 4,05%, LG = 0,93￷0,88 and H2 concentration = 1,24 ppm.  
A representative example of TDA curves for these silumins is 
presented in Figure 7. Two maximum thermal effects of crystal-
lisation of the eutectic mixture α+β+AlFeSi and high amount of 
additional peaks within the range of its crystallisation can be 
noticed. 
 
 
Fig. 6. Representative example of porosity of samples from 
silumin 226 and 231 from the melting furnace; charge – 100% 
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Fig. 7. Representative example of TDA curves for silumins 226 and 231 from the melting furnace; charge – 100% of scrap 
 
 
Probably the two maxima of thermal effects of crystallisa-
tion of the eutectic mixture occur due to the fact that around the 
cylindrical quartz screen of the thermoelement Pt-PtRh10 first 
occurs  crystallisation  of  the  eutectic  mixture  α+β+AlFeSi, 
which pushes gaseous hydrogen up the sampler, as it is illus-
trated in Figure 8. Only after pushing gas cavities upwards takes 
place crystallisation of the eutectic mixture α+β+AlFeSi around 
the  head  of  the quartz  screen  and then  the  second  maximum 
appears  on  the  derivative  curve.  The  presented  phenomenon 
occurs  in  silumins  with  high  degree  of  gasification,  mainly 
caused  by  the  100%  charge  of  scrap  to  the  melting  furnace. 
When melting silumins from the charge consisted in whole of 
pig sows, this phenomenon does not occur, as porosity is small 
and scattered, which is presented in Figure 9. 
 
 
 
Fig. 8. Section of a casting from silumin 226, from the TDA 
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Fig. 9. Section of a casting from silumin 231, from the TDA 
sampler. Sampler filled with silumin from the melting furnace; 
charge – 100% of pig sows 
 
Figure 10 presents porosity of a sample cast from the melt-
ing furnace with charge consisted of: up to 50% of pig sows and 
scrap  ≥50%.  It  results  that  LG=0,96￷0,93,  P=3,68%  and  H2 
concentration = 1,14 ppm. A representative example of the TDA 
curve of this silumin is presented in Figure 11. 
 
Fig. 10. Representative porosity of a sample from silumin 226 
cast from the melting furnace; charge consisted of: up to 50% 
pig sows and scrap ≥ 50% 
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Fig. 11. Representative example of TDA curves for silumins 226 and 231 from the melting furnace; charge consisted of: up to 50% pig 
sows and scrap ≥ 50% 
 
Crystallisation curve is not smooth. It has two maximum ther-
mal  effects  of  crystallisation  of  the  eutectic  mixture 
α+β+AlFeSi. It confirms high gasification of silumin (fig. 10). 
It results from the analysis of the TDA curves illustrated in 
fig. 5, 7, 11 that maximum thermal effect of the α phase crystal-
lisation (point A) occurs in the highest temperature in silumins 
melted in whole from pig sows, tA=591°C (fig. 5), while in the 
lowest temperatures in silumins melted in whole from process 
scrap  tA=576°C  (fig.  7).  Generally,  it  must  be  assumed  that 
along with the increase of scrap percentage in the charge, tA 
temperature  of  the  maximum  thermal  effect  of  the  α  phase 
crystallisation  decreases.  As  a  result,  tB  start  temperature  of 
crystallisation  of  the  triple  eutectic  mixture  α+β+AlFeSi 
changes similarly within the volume of the TDA sampler. It is 
caused by increasing contamination of molten silumin by differ-
ent compounds that are not supports of crystallisation of phases 
α and β and AlFeSi. In this connection, it is necessary to in-
crease the driving force of crystallisation, that is supercooling. 
This  is  the  reason  for  the  decrease  of  temperature  of  phases 
crystallisation along with the increased percentage of scrap in 
the charge. High supercooling increases speed of crystallisation 
of  silumin,  which  in  turn  disables  degassing  and  results  in 
higher porosity of castings. 
In order to eliminate high porosity of castings, ECOSAL-Al 113 
refinement of molten silumin in the melting furnace was applied 
after  removal  of  slag  from  the  surface  of  molten  metal.  An 
example  of  sample  porosity  after  refinement  of  molten  226 
silumin in the melting furnace, initially charged with 100% of 
scrap  is  presented  in  Figure  12.  It  results  that  porosity  was: 
P=3,10%,  LG=0,98￷0,97  and  H2=0,95  ppm.  Porosity  is  scat-
tered within the whole volume of the sample. It is significantly 
lower in comparison with non-refined silumin (fig. 6). A repre-
sentative  example  of  porosity  of  a  section  of  a  226  silumin 
casting  from  the  ATD10  sampler  after  refinement  of  molten 
metal in the melting furnace (charge: 100% of scrap), is pre-
sented in Figure 13.  
Also in this casting porosity is scattered, and its characteris-
tic values are: P=3,08%, LG=0,98￷0,97 and H2=0,93 ppm. In 
comparison with the casting made of non-refined silumin (fig. 
8), porosity is considerably lower. It is also reflected in the TDA 
curves, illustrated in Figure 14. 
 
 
 
Fig. 12. Porosity of a 226 silumin sample cast from the melting 
furnace after refinement 
 
 
 
Fig. 13. A representative example of porosity of a casting from 
the TDA sampler 
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Fig. 14. Representative example of TDA curves for silumins 226 and 231 after ECOSAL-Al113 refinement in the melting furnace 
  
 
The crystallisation curve is characterised by little peaks, and is 
almost plain, which is the evidence of low porosity of the cast-
ing. 
After  refinement  of  silumin  in  the  melting  furnace,  it  is 
poured  into  the  ladle.  ECOSAL-Al113  refinement  of  molten 
silumin in the ladle was also applied. As a result, further reduc-
tion of porosity and hydrogen concentration in the sample was 
obtained. A representative example of TDA curves of silumins 
after refinement in the ladle is illustrated in Figure 15. 
After  refinement  of  silumins  in  the  ladle,  ECOSAL-Al113 
refinement  with  nitrogen  was  applied  using  a  rotating  head 
device. After such treatments, porosity of castings is considera-
bly reduced. It is present only in the upper layer of the sample. 
An example is presented in Figure 16, in the section of a TDA 
sampler  casting.  Porosity  of  the  casting  was  P  =  2,86%,  
LG = 0,99￷0,98 while H2 = 0,6 ppm. TDA curves after ECO-
SAL-Al113  refinement  with  nitrogen,  as  representative  for 
silumins 226 and 231, are illustrated in Figure 17. 
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Fig. 15. Representative TDA curves of silumins after refinement in the ladle 
 
 
 
Fig. 16. Section of a TDA sampler casting after refinement by a rotating head device 
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Fig. 17. Representative TDA curves of silumins after refinement with nitrogen by a rotating head device 
 
The  crystallisation  curve  is  almost  smooth,  which  is  the  evi-
dence of minimal porosity of castings. Next, molten silumin is 
poured from the ladle into the heat furnace of the pressure ma-
chine. While pouring, molten silumin is modified. When pour-
ing is complete, silumin is refined with nitrogen again in the 
heat furnace. After these treatments, pressure casting starts. The 
abovementioned treatments cause complete or almost complete 
reduction of porosity in castings, which is illustrated in Figure 
18. The TDA curves of silumin from the heat furnace are pre-
sented in Figure 19. The crystallisation curve is very smooth, 
which  indicates  minimal  porosity  of  castings.  Examples  of 
porosity and microstructure of pressure castings before imple-
mentation of the described technology are presented in Figure 
20 (a￷d). Examples of porosity and microstructure of pressure 
castings after implementation of the described technology are 
presented in Figure 21 (a￷o). It can be noticed that the technol-
ogy  of  preparation  of  molten  silumins  for  pressure  casting, 
developed and implemented at the Silum Sp. z o. o. foundry in 
Opojowice,  guarantees  obtaining  castings  without  porosity  or 
with minimal microporosity and with scattered microstructure. 
The  presented  data  indicate  that  control  of  the  physical  and 
chemical condition of molten silumins and the microstructure of 
castings was implemented using the TDA method. A question 
arises whether it is accurate enough for assessment of quality of 
silumins? In order to find the answer, metallographic tests of 
casting from the TDA sampler were carried out. Microsections 
were made on the cross-section of castings from the sampler and 
the microstructure between the quartz screen of the thermoele-
ment and the outside surface was analysed. The microstructure 
of castings at the wall of the quartz screen is presented in Figure 
22 (a,b). 
 
 
Fig. 18. Section of a casting from the TDA sampler filled with 
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Fig. 19. Representative TDA curves of silumins 226 and 231 from the heat furnace 
 
 
 
a)  b) 
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c)  d) 
   
Fig. 20 (a￷d). Examples of porosity and microstructure of pressure castings before implementation of the technology;  
microstructure: α phase (Al); eutectics: α+β+AlFeSi, α+β+Al2Cu 
 
 
a)  b) 
   
c)  d) 
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e)  f) 
   
g)  h) 
   
i)  j) 
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k)  l) 
   
m)  n) 
   
o)   
 
Fig. 21 (a￷o). Examples of porosity and microstructure of pressure castings after implementation of the technology 
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a)  b) 
   
Fig. 22 (a, b). Microstructure of the casting at the wall of the quartz screen of the thermoelement 
 
 
It indicates that near the quartz screen crystallise all phases 
that occur in silumin, i.e. α(Al), β(Si), AlFeSi and Al2Cu. It is  
a good support for crystallisation and growth of these phases. 
Due to the fact that the thermoelement is placed in the thermal 
centre of the TDA sampler, the front of crystallisation moves 
from the sampler’s wall to the quartz screen. In this connection, 
all phases occurring in the alloy crystallise on it, because the 
front of crystallisation “pushes“ atoms of constituent elements 
towards the quartz screen of the thermoelement. As an example, 
Figure 23 presents the microstructure of the TDA sampler cast-
ing in the middle of the distance between the thermoelement and 
the cylindrical surface. It is analogical to the one illustrated in 
Figure 22a. It indicates that the TDA method is currently the 
most  accurate  method  for  assessment  of  crystallisation  and 
microstructure of silumins. In this connection, the proprietary 
computer program was developed for controlling the physical 
and chemical condition of molten silumin, i.e. porosity P and 
hydrogen concentration (H2), its crystallisation and microstruc-
ture as well as mechanical properties: Rm, A5 and HB. Its algo-
rithm was developed on the basis of statistical relations between 
characteristic values of the TDA curves and the abovementioned 
properties.  En  example  of  a  screen  of  the  Silumins  Quality 
Monitoring System after completion of the control is presented 
in Figure 24. The screen presents TDA curves, below which are 
displayed  technological  recommendations.  In  the  upper  right 
corner  of  the  screen  are  displayed:  maximum  temperature  of 
silumin measured in the TDA sampler, time of measurement, 
Rm in MPa, A5 in %, HB, porosity P in % and H2 concentration 
in ppm. Except the technological recommendations presented in 
fig. 24, recommendations presented in Figures 25 (a￷c) and 26 
(a￷c) may appear.  
 
 
Fig. 23. Microstructure of a casting from the TDA sampler in 
the middle of the distance between the thermoelement and the 
forming cylindrical surface 
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Fig. 24. Silumins Quality Monitoring System – screen after completed control 
 
a) 
  
b) 
 
c) 
 
Fig. 25 (a￷c). Technological recommendations for silumin prepared: a) consistent with the technical terms of acceptance (WTO),  
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a) 
 
 
b) 
 
 
c) 
 
Fig. 26. Technological recommendations when the analysis is carried out inconsistently with the measurements methodology:  
a) too low temperature while filling the sampler, b) too low amount of metal in the sampler, c) technological recommendation in case  
of faulty analysis of location of specific points by the system 
 
 
The presented system may be applied for monitoring correctness 
of  each  preparatory  treatment  of  molten  silumin  described  in 
this paper. 
Mechanical properties of silumins 226 and 231 fall within 
the following ranges: Rm=250￷320 MPa, Rp0,2=170￷250 MPa, 
A5=0,5￷2,5% and HB=70￷90. When certain alloy additions that 
cause reduction of porosity are introduced to silumins, the fol-
lowing results may be obtained: Rm≤500 MPa, Rp0,2≤420 MPa, 
A5=0,5￷4,5% and HB≤160. 
 
 
4.  Conclusions 
 
The following conclusions arise from the data presented in 
the paper: 
  when applying appropriate refinement and modifica-
tion  of  silumins  at  individual  stages  of  preparation, 
porosity of pressure castings may be minimalised or 
eliminated, 
  the TDA method enables quality assessment of poros-
ity of castings and their microstructure, 
  the proprietary computer program enables monitoring 
and control of quality of silumins and selected proper-
ties of castings. 
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